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FOREWORD

This toxicological profile is prepared in accordance with guidelines* developed by the Agency for
Toxic Substances and Disease Registry (ATSDR) and the Environmental Protection Agency (EPA). The
original guidelines were published in the Federal Register on April 17, 1987. Each profile will be revised
and republished as necessary.

The ATSDR toxicological profile succinctly characterizes the toxicologic and adverse health effects
information for the hazardous substance described therein. Each peer-reviewed profile identifies and
reviews the key literature that describes a hazardous substance's toxicologic properties. Other pertinent
literature is also presented, but is described in less detail than the key studies. The profile is not intended
to be an exhaustive document; however, more comprehensive sources of specialty information are
referenced.

The focus of the profiles is on health and toxicologic information; therefore, each toxicological
profile begins with a public health statement that describes, in nontechnical language, a substance's
relevant toxicological properties. Following the public health statement is information concerning levels of
significant human exposure and, where known, significant health effects. The adequacy of information to
determine a substance's health effects is described in a health effects summary. Data needs that are of
significance to protection of public health are identified by ATSDR and EPA.

Each profile includes the following:

(A) The examination, summary, and interpretation of available toxicologic information and
epidemiologic evaluations on a hazardous substance to ascertain the levels of significant human
exposure for the substance and the associated acute, subacute, and chronic health effects;

(B) A determination of whether adequate information on the health effects of each substance is
available or in the process of development to determine levels of exposure that present a
significant risk to human health of acute, subacute, and chronic health effects; and

(C) Where appropriate, identification of toxicologic testing needed to identify the types or levels of
exposure that may present significant risk of adverse health effects in humans.

The principal audiences for the toxicological profiles are health professionals at the Federal, State,
and local levels; interested private sector organizations and groups; and members of the public.

This profile reflects ATSDR’s assessment of all relevant toxicologic testing and information that has
been peer-reviewed. Staff of the Centers for Disease Control and Prevention and other Federal scientists
have also reviewed the profile. In addition, this profile has been peer-reviewed by a nongovernmental
panel and was made available for public review. Final responsibility for the contents and views expressed
in this toxicological profile resides with ATSDR.

QoS Sehh

David Satcher, M.D., Ph.D.
Administrator
Agency for Toxic Substances and
Disease Registry



Legislative Background vi

The toxicological profiles are developed in response to the Superftmd Amendments and

Reauthorization Act (SARA) of 1986 (Public Law 99-499) which amended the Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA or Superfund). This public
law directed ATSDR to prepare toxicological profiles for hazardous substances most commonty found at
facilities on the CERCLA National Priorities List and that pose the most significant potential threat to
human health, as determined by ATSDR and the EPA. The availability of the revised priority list of 275
hazardous substances was announced in the Federal Register on April 29, 1996 (61 FR 18744). For prior
versions of the list of substances, see Federal Register notices dated April 17, 1987 (52 FR 12866);
October 20, 1988 (53 FR 41280); October 26, 1989 (54 FR 43619); October 17,1990 (55 FR 42067);
October 17, 1991 (56 FR 52166); October 28, 1992 (57 FR 48801); and February 28, 1994 (59 FR 9486).
Section 104(i)(3) of CERCLA, as amended, directs the Administrator of ATSDR to prepare a
toxicological profile for each substance on the list.
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PEER REVIEW

A peer review panel was assembled for tetrachloroethylene. The panel consisted of the following
members:

1. Dr. Lee R. Shull, Toxicologist, Poster Wheeler Environmental, Sacramento, California

2. Mr. Lyman K. Skory, Private Consultant, Midland, Michigan

3. Richard D. Stewart, M.D., M.P.H., Adjunct Professor, Department of Pharmacology and
Toxicology, The Medical College of Wisconsin, Milwaukee, Wisconsin

These experts collectively have knowledge of tetrachloroethylene’s physical and chemical properties,
toxicokinetics, key health end points, mechanisms of action, human and animal exposure, and
quantification of risk to humans. All reviewers were selected in conformity with the conditions for
peer review specified in Section 104(i)(13) of the Comprehensive Environmental Response,
Compensation, and Liability Act, as amended.

Scientists from the Agency for Toxic Substances and Disease Registry (ATSDR) have reviewed the
peer reviewers’ comments and determined which comments will be included in the profile. A listing
of the peer reviewers’ comments not incorporated in the profile, with a brief explanation of the
rationale for their exclusion, exists as part of the administrative record for this compound. A list of
databases reviewed and a list of unpublished documents cited are also included in the administrative
record.

The citation of the peer review panel should not be understood to imply its approval of the profile’s
final content. The responsibility for the content of this profile lies with the ATSDR.
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1. PUBLIC HEALTH STATEMENT

This public health statement tells you about tetrachloroethylene and the effects of exposure.

The Environmental Protection Agency (EPA) identifies the most serious hazardous waste sites
in the nation. These sites make up the National Priorities List (NPL) and are the sites

targeted for long-term federal cleanup. Tetrachloroethylene has been found in at least 771 of
the 1,430 current or former NPL sites. However, it’s unknown how many NPL sites have

been evaluated for this substance. As more sites are evaluated, the sites with tetrachloroethylene
may increase. This is important because exposure to this substance may harm you

and because these sites may be sources of exposure.

When a substance is released from a large area, such as an industrial plant, or from a
container, such as a drum or bottle, it enters the environment. This release does not always
lead to exposure. You are exposed to a substance only when you come in contact with it.

You may be exposed by breathing, eating, or drinking the substance or by skin contact.

If you are exposed to tetrachloroethylene, many factors determine whether you’ll be harmed.
These factors include the dose (how much), the duration (how long), and how you come in
contact with it. You must also consider the other chemicals you’re exposed to and your age,

sex, diet, family traits, lifestyle, and state of health.

1.1 WHAT IS TETRACHLOROETHYLENE?

Tetrachloroethylene is a synthetic chemical that is widely used for dry cleaning of fabrics and
for metal-degreasing operations. It is also used as a starting material (building block) for
making other chemicals and is used in some consumer products. Other names for
tetrachloroethylene include perchloroethylene, PCE, pert, tetrachloroethene, perclene, and

perchlor. It is a nonflammable liquid at room temperature. It evaporates easily into the air
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and has a sharp, sweet odor. Most people can smell tetrachloroethylene when it is present in
the air at a level of 1 part in 1 million parts of air (ppm) or more. In an experiment, some
people could smell tetrachloroethylene in water at a level of 0.3 ppm. For more information,

see Chapters 3 and 4.

1.2 WHAT HAPPENS TO TETRACHLOROETHYLENE WHEN IT ENTERS THE
ENVIRONMENT?

Tetrachloroethylene enters the environment mostly by evaporating into the air during use. It
can also get into water supplies and the soil during disposal of sewage sludge and factory
waste and when leaking from underground storage tanks. Tetrachloroethylene may also get
into the air, soil, or water by leaking or evaporating from storage and waste sites. It can stay
in the air for several months before it is broken down into other chemicals or is brought back

down to the soil and water by rain.

Much of the tetrachloroethylene that gets into water and soil will evaporate into the air.
However, because tetrachloroethylene can travel through soils quite easily, it can get into
underground drinking water supplies. If it gets into underground water, it may stay there for
many months without being broken down. If conditions are right, bacteria will break down
some of it and some of the chemicals formed may also be harmful. Under some conditions,
tetrachloroethylene may stick to the soil and stay there. It does not seem to build up in
animals that live in water, such as fish, clams, and oysters. We do not know if it builds up in
plants grown on land. For more information on tetrachloroethylene in the environment, see

Chapters 4 and 5.

1.3 HOW MIGHT 1 BE EXPOSED TO TETRACHLOROETHYLENE?

People can be exposed to tetrachloroethylene from environmental and occupational sources
and from consumer products. Common environmental levels of tetrachloroethylene (called
background levels) are several thousand times lower than levels found in some workplaces.

Background levels are found in the air we breathe, in the water we drink, and in the food we
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eat. The chemical is found most frequently in air and, less often, in water. Tetrachloroethylene
gets into air by evaporation from industrial or dry cleaning operations. It is also

released from areas where chemical wastes containing it are stored. It is frequently found in
water. For example, tetrachloroethylene was found in 38% of 9,232 surface water sampling
sites throughout the United States. There is no similar information on how often the chemical
is found in air samples, but we know it is widespread. We do not know how often it is found

in soil, but in one study, it was found in 5% of 359 sediment samples.

In general, tetrachloroethylene levels in air are higher in cities or industrial areas where it is
in use more than in more rural or remote areas. You can smell it at levels of 1 ppm in air.
However, the background level of tetrachloroethylene in air is usually less than 1 part in

1 billion parts of air (ppb). The air close to dry cleaning shops and chemical waste sites has
levels of tetrachloroethylene higher than background levels. These levels are usually less than
1 ppm, the level at which you can smell it. Water, both above and below ground, may

contain tetrachloroethylene. Levels in water are also usually less than 1 ppb. Levels in
contaminated water near disposal sites are higher than levels in water far away from those
sites. Water polluted with this chemical may have levels greater than 1 ppm. In soil,

background levels are probably 100-1,000 times lower than 1 ppm.

You can also be exposed to tetrachloroethylene by using certain consumer products. Products

that may contain it include water repellents, silicone lubricants, fabric finishers, spot

removers, adhesives, and wood cleaners. Although uncommon, small amounts of tetrachloroethylene
have been found in food, especially food prepared near a dry cleaning shop. When

you bring clothes home from the dry cleaners, the clothes may release small amounts of
tetrachloroethylene into the air. The full significance to human health of these exposures to

small amounts of tetrachloroethylene is unknown, but to date, they appear to be relatively

harmless. Tetrachloroethylene can also be found in the breast milk of mothers who have been

exposed to the chemical.
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The people with the greatest chance of exposure to tetrachloroethylene are those who work
with it. According to estimates from a survey conducted by the National Institute for

Occupational Safety and Health (NIOSH), more than 650,000 U.S. workers may be exposed.

For the general population, the estimated amount that a person might breathe per day ranges
from 0.08 to 0.2 milligrams. The estimated amount that most people might drink in water
ranges from 0.0001 to 0.002 milligrams per day. These are very small amounts. For more

information on the ways people might be exposed to tetrachloroethylene, see Chapter 5.

1.4 HOW CAN TETRACHLOROETHYLENE ENTER AND LEAVE MY BODY?

Tetrachloroethylene can enter your body when you breathe air containing it. How much
enters your body in this way depends on how much of the chemical is in the air, how fast and
deeply you are breathing, and how long you are exposed to it. Tetrachloroethylene may also
enter your body when you drink water or eat food containing the chemical. How much enters
your body in this way depends on how much of the chemical you drink or eat. These two
exposure routes are the most likely ways people will take in tetrachloroethylene. These are
also the most likely ways that people living near areas polluted with the chemical, such as
hazardous waste sites, might be exposed to it. If tetrachloroethylene is trapped against your
skin, a small amount of it can pass through into your body. Very little tetrachloroethylene in

the air can pass through your skin into your body.

Most tetrachloroethylene leaves your body from your lungs when you breathe out. This is
true whether you take in the chemical by breathing, drinking, eating, or touching it. A small
amount of the tetrachloroethylene is changed by your body (especially your liver) into other
chemicals that are removed from your body in urine. Most of the changed tetrachloroethylene
leaves your body in a few days. Some of it that you take in is found in your blood

and other tissues, especially body fat. Part of the tetrachloroethylene that is stored in fat may
stay in your body for several days or weeks before it is eliminated. For more information on

how tetrachloroethylene enters and leaves your body, see Chapter 2.
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L5 HOW CAN TETRACHLOROETHYLENE AFFECT MY HEALTH?

To protect the public from the harmful effects of toxic chemicals and to find ways to treat

people who have been harmed, scientists use many tests.

One way to see if a chemical will hurt people is to learn how the chemical is absorbed, used,
and released by the body; for some chemicals, animal testing may be necessary. Animal
testing may also be used to identify health effects such as cancer or birth defects. Without
laboratory animals, scientists would lose a basic method to get information needed to make
wise decisions to protect public health. Scientists have the responsibility to treat research
animals with care and compassion. Laws today protect the welfare of research animals, and

scientists must comply with strict animal care guidelines.

Tetrachloroethylene has been used safely as a general anesthetic agent, so at high
concentrations, it is known to produce loss of consciousness. When concentrations in air are
high-particularly in closed, poorly ventilated areas-single exposures can cause dizziness,
headache, sleepiness, confusion, nausea, difficulty in speaking and walking, unconsciousness,
and death. Irritation may result from repeated or extended skin contact with the chemical.

As you might expect, these symptoms occur almost entirely in work (or hobby) environments
when individuals have been accidentally exposed to high concentrations or have intentionally
abused tetrachloroethylene to get a “high.” In industry, most workers are exposed to levels
lower than those causing dizziness, sleepiness, and other nervous system effects. The health
effects of breathing in air or drinking water with low levels of tetrachloroethylene are not
definitely known. However, at levels found in the ambient air or drinking water, risk of
adverse health effects is minimal. The effects of exposing babies to tetrachloroethylene
through breast milk are unknown. Results from some studies suggest that women who work
in dry cleaning industries where exposures to tetrachloroethylene can be quite high may have
more menstrual problems and spontaneous abortions than women who are not exposed.
However, it is not known for sure if tetrachloroethylene was responsible for these problems

because other possible causes were not considered.
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Results of animal studies, conducted with amounts much higher than those that most people
are exposed to, show that tetrachloroethylene can cause liver and kidney damage and liver
and kidney cancers even though the relevance to people is unclear. Although it has not been
shown to cause cancer in people, the U.S. Department of Health and Human Services has
determined that tetrachloroethylene may reasonably be anticipated to be a carcinogen. The
International Agency for Research on Cancer (IARC) has determined that tetrachloroethylene
is probably carcinogenic to humans. Exposure to very high levels of tetrachloroethylene can
be toxic to the unborn pups of pregnant rats and mice. Changes in behavior were observed in
the offspring of rats that breathed high levels of the chemical while they were pregnant Rats
that were given oral doses of tetrachloroethylene when they were very young, when their
brains were still developing, were hyperactive when they became adults. How

tetrachloroethylene may affect the developing brain in human babies is not known.

For more information on the health effects of tetrachloroethylene, see Chapter 2.

1.6 IS THERE A MEDICAL TEST TO DETERMINE WHETHER 1 HAVE BEEN
EXPOSED TO TETRACHLOROETHYLENE?

One way of testing for tetrachloroethylene exposure is to measure the amount of the chemical
in the breath, much the same way breath alcohol measurements are used to determine the
amount of alcohol in the blood. This test has been used to measure levels of the chemical in
people living in areas where the air is contaminated with tetrachloroethylene or those exposed
to the chemical through their work. Because it is stored in the body’s fat and is slowly
released into the bloodstream, it can be detected in the breath for weeks following a heavy
exposure. Tetrachloroethylene can be detected in the blood. Also, breakdown products of the
chemical can be detected in the blood and urine of people exposed to tetrachloroethylene.
Trichloroacetic acid (TCA), a breakdown product of tetrachloroethylene can be detected for
several days after exposure. These tests are relatively simple to perform. The breath, blood,
or urine must be collected in special containers and then sent to a laboratory for testing.
Because exposure to other chemicals can produce the same breakdown products in the urine

and blood, the tests for breakdown products cannot determine if you have been exposed only
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to tetrachloroethylene. For more information on where and how tetrachloroethylene can be

detected in your body after you have been exposed to it, see Chapters 2 and 6.

1.7 WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO
PROTECT HUMAN HEALTH?

The federal government develops regulations and recommendations to protect public health.
Regulations can be enforced by law. Federal agencies that develop regulations for toxic
substances include the EPA, the Occupational Safety and Health Administration (OSHA), and
the Food and Drug Administration (FDA). Recommendations provide valuable guidelines to

protect public health but cannot be enforced by law. Federal organizations that develop

recommendations for toxic substances include the Agency for Toxic Substances and Disease

Registry (ATSDR) and NIOSH.

Regulations and recommendations can be expressed in not-to-exceed levels in air, water, soil,
or food that are usually based on levels that affect animals; then they are adjusted to help
protect people. Sometimes these not-to-exceed levels differ among federal organizations
because of different exposure times (an 8-hour workday or a 24-hour day), the use of

different animal studies, or other factors.

Recommendations and regulations are also periodically updated as more information becomes
available. For the most current information, check with the federal agency or organization
that provides it. Some regulations and recommendations for tetrachloroethylene include the

following:

The EPA maximum contaminant level for the amount of tetrachloroethylene that-can be in

drinking water is 0.005 milligrams tetrachloroethylene per liter of water (mg/L) (0.005 ppm).

EPA has established regulations and procedures for dealing with tetrachloroethylene, which it

considers a hazardous waste. Many regulations govern its disposal. If amounts greater than
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100 pounds are released to the environment, the National Response Center of the federal

government must be told immediately.

OSHA limits the amount of tetrachloroethylene that can be present in workroom air. This
amount is limited to 100 ppm for an 8-hour workday over a 40-hour workweek. NIOSH
recommends that tetrachloroethylene be handled as a chemical that might potentially cause
cancer and states that levels of the chemical in workplace air should be as low as possible.

For more information on regulations and guidelines to protect human health, see Chapter 7.

1.8 WHERE CAN I GET MORE INFORMATION?

If you have any more questions or concerns, please contact your community or state health or

environmental quality department or

Agency for Toxic Substances and Disease Registry
Division of Toxicology

1600 Clifton Road NE, Mailstop E-29

Atlanta, Georgia 30333

*Information line and technical assistance

Phone: (404) 639-6000
Fax: (404) 639-6315 or 6324

ATSDR can also tell you the location of occupational and environmental health clinics.
These clinics specialize in recognizing, evaluating, and treating illnesses resulting from

exposure to hazardous substances.
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*To order toxicological profiles, contact

National Technical Information Service
5285 Port Royal Road

Springfield, VA 22 161
Phone (800) 553-6847 or (703) 487-4650
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2. HEALTH EFFECTS

2.1 INTRODUCTION

The primary purpose of this chapter is to provide public health officials, physicians, toxicologists, and
other interested individuals and groups with an overall perspective on the toxicology of
tetrachloroethylene. It contains descriptions and evaluations of toxicological studies and
epidemiological investigations and provides conclusions, where possible, on the relevance of toxicity

and toxicokinetic data to public health.

A glossary and list of acronyms, abbreviations, and symbols can be found at the end of this profile.

2.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To help public health professionals and others address the needs of persons living or working near
hazardous waste sites, the information in this section is organized first by route of exposure
(inhalation, oral, and dermal) and then by health effect (death, systemic, immunological, neurological,
reproductive, developmental, genotoxic, and carcinogenic effects). These data are discussed in terms
of three exposure periods: acute (14 days or less), intermediate (15-364 days), and chronic (365 days

or more).

Levels of significant exposure for each route and duration are presented in tables and illustrated in

figures. The points in the figures showing no-observed-adverse-effect levels (NOAELs) or lowest-observed-
adverse-effect levels (LOAELS) reflect the actual doses (levels of exposure) used in the

studies. LOAELSs have been classified into “less serious” or “serious” effects. “Serious” effects are

those that evoke failure in a biological system and can lead to morbidity or mortality (e.g., acute

respiratory distress or death). “Less serious” effects are those that are not expected to cause significant
dysfunction or death or those whose significance to the organism is not entirely clear. ATSDR
acknowledges that a considerable amount of judgment may be required in establishing whether an end

point should be classified as a NOAEL, “less serious” LOAEL, or “serious” LOAEL, and that in some
cases, there will be insufficient data to decide whether the effect is indicative of significant

dysfunction. However, the Agency has established guidelines and policies that are used to classify
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these end points. ATSDR believes that there is sufficient merit in this approach to warrant an attempt
at distinguishing between “less serious” and “serious” effects. The distinction between “less serious”

299

effects and “serious™” effects is considered to be important because it helps users of the profiles to
identify levels of exposure at which major health effects start to appear. LOAELs or NOAELSs should
also help in determining whether or not the effects vary with dose and/or duration, and place into

perspective the possible significance of these effects to human health.

The significance of the exposure levels shown in the Levels of Significant Exposure (LSE) tables and
figures may differ depending on the user’s perspective. Public health officials and others concerned
with appropriate actions to take at hazardous waste sites may want information on levels of exposure
associated with more subtle effects in humans or animals or exposure levels below which no adverse
effects have been observed. Estimates of levels posing minimal risk to humans (Minimal Risk Levels

or MRLs) may be of interest to health professionals and citizens alike.

Levels of exposure associated with carcinogenic effects (Cancer Effect Levels, CELs) of

tetrachloroethylene are indicated in Tables 2-B and 2-3 and Figures 2-1 and 2-2.

Estimates of exposure levels posing minimal risk to humans (Minimal Risk Levels or MRLs) have
been made for tetrachloroethylene. An MRL is defined as an estimate of daily human exposure to a
substance that is likely to be without an appreciable risk of adverse effects (noncarcinogenic) over a
specific duration of exposure. MRLs are derived when reliable and sufficient data exist to identify the
target organ(s) of effect or the most sensitive health effect(s) for a specified duration within a given
route of exposure. MRLs are based on noncancer health effects only and do not reflect a
consideration of carcinogenic effects. MRLs can be derived for acute, intermediate, and chronic
duration exposures for inhalation and oral routes. Appropriate methodology does not exist to develop

MRLs for dermal exposure.

Although methods have been established to derive these levels (Barnes and Dourson 1988; EPA 1990),
uncertainties are associated with these techniques, Furthermore, ATSDR acknowledges additional
uncertainties inherent in the application of the procedures to derive less than lifetime MRLs. As an
example, acute inhalation MRLs may not be Iprotective for health effects that are delayed in

development or result from repeated acute insults, such as hypersensitivity reactions, asthma, or

12
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chronic bronchitis. As these kinds of health effects data become available and methods to assess

levels of significant human exposure improve, these MRLs will be revised.

A User’s Guide has been provided at the end of this profile (see Appendix B). This guide should aid
in the interpretation of the tables and figures for Levels of Significant Exposure and the MRLs.

2.2.1 InhalationExposure

2.2.1.1 Death

At high vapor concentrations, tetrachloroethylene is both a potent anesthetic agent and a cardiac
epinephrine sensitizer. Therefore, sudden death resulting from acute exposure to anesthetic vapor
concentrations is presumed to result from either excessive depression of the respiratory center or the
onset of a fatal cardiac arrhythmia induced by epinephrine sensitization. Human deaths caused by
tetrachloroethylene inhalation have been reported. A 33-year-old man was found unconscious after
performing work on a plugged line in a commercial dry cleaning establishment and died on the way to
the hospital (Lukaszewski 1979). Exposure to tetrachloroethylene was presumably by inhalation since
‘an autopsy revealed no tetrachloroethylene in the stomach contents but high levels of the compound in
the blood and brain (4.4 mg/100 mL and 36 mg/100 g, respectively). In another report, a 53-year-old
male dry cleaner died after being overcome by tetrachloroethylene fumes (Levine et al. 1981).
Tetrachloroethylene concentrations were 66 mg/L in blood, and 79, 31, and 46 mg/kg in the brain,
heart, and lungs, respectively, of a 2-year-old boy found dead 1.5 hours after he was placed in his
room with curtains that had been incorrectly dry cleaned in a coin-operated dry cleaning machine

(Gamier et al. 1996). In these reports, the level of tetrachloroethylene exposure was not reported.

Epidemiological studies of workers occupationally exposed to tetrachloroethylene have not consistently
shown increased mortality. Although total mortality was not increased, Blair et al. (1979) found
increased mortality from cancers of the lungs, cervix, uterus, and skin. This study is limited by a lack
of control for alcohol and tobacco consumption. Other studies have not shown significantly increased
mortality in workers occupationally exposed to tetrachloroethylene (Blair et al. 1990; Brown and

Kaplan 1987; Katz and Jowett 1981; Spirtas et al. 1991).
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There were no major differences between mice and rats in susceptibility to lethal effects of
tetrachloroethylene following acute- or intermediate-duration exposure. In addition, no sex differences
in response were detected. A 4-hour inhalation LCs of 5,200 ppm for female albino mice has been
reported. Data used to derive the LCsy show that the highest concentration of tetrachloroethylene for a
4-hour exposure that was not lethal to mice was 2,450 ppm; the lowest concentration that caused death
was 3,000 ppm (Friberg et al. 1953). In another study, the highest concentration for a 4-hour exposure
that did not result in death in B6C3F, mice or Fischer-344 rats of both sexes was 2,445 ppm; the
lowest concentrations causing death were 2,613 ppm in mice and 3,786 ppm in rats (NTP 1986). A
single 10- or 14-hour exposure of rats to 2,000 ppm and a single 4-hour exposure to 3,000 ppm did
not produce death, while death occurred with exposure to 3,000 ppm for 5 hours or longer (Rowe et

al. 1952).

Rats and mice were exposed to tetrachloroethylene by inhalation for 14 days or 13 weeks (NTP 1986).
In the 14-day study, mortality occurred in rats exposed to 1,750 ppm tetrachloroethylene but not in
mice. Compound-related mortality did not occur in either species at exposure concentrations of

875 ppm or lower. In the 13-week inhalation study, mortality occurred in rats and mice exposed to

1,600 ppm tetrachloroethylene but not to concentrations of 800 ppm or lower.

Mortality in rats exposed to 400 ppm tetrachloroethylene and mice exposed to 100 or 200 ppm

tetrachloroethylene by inhalation in a 103-week carcinogenesis bioassay was a result of compoundrelated

lesions and neoplasms (NTP 1986). This study is discussed in Sections 2.2.1.2 and 2.2.1.8.

All reliable LOAEL and LCs, values for death in each species and duration category are recorded in

Table 2- 1 and plotted in Figure 2-1.

2.2.1.2 Systemic Effects

The highest NOAEL and all reliable LOAEL values for systemic effects in each species-and duration
category are recorded in Table 2-1 and plotted in Figure 2-1.

No studies were located regarding dermal effects in humans or animals after inhalation exposure to

tetrachloroethylene.

14



TABLE 2-1. Levels of Significant Exposure to Tetrachloroethylene - inhalation

a Exposure/ LOAEL
Keyto  Specles/ duration/ NOAEL Less serious Serious
figure  (straln) frequency System (ppm) (ppm) (ppm) Reference
ACUTE EXPOSURE
Death
1 Rat 4 hr 3786  (5/10 rats died) NTP 1986
(Fischer- 344)
2  Rat 2 wk 1750  (5/10 rats died) NTP 1986
(Fischer- 344) 5d/wk
6hr/d
3  Mouse 4 hr 5200 F (LC,,) Friberg et al.
(NS) 1953
4 Mouse 4 hr 2613 F (2/5 died) NTP 1986
(B6C3F1)
Systemic
5 Human 3hr Cardio 87 Ogata et al.
1971
6 Human 0.05-2 hr Resp 106 216  (irritation) 930 (severe irritation tolerated  Rowe et al.
‘ for <2 minutes) 1952
Ocular 106  (slight ocular irritation) 930 (severe irritation tolerated

for <2 minutes)

S103443 H1V3aH 2
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TABLE 2-1. Levels of Significant Exposure to Tetrachloroethylene - Inhalation (continued)

_‘
i
T
5
a Exposure/ LOAEL =
Keyto  Species/  qyration/ NOAEL Less serious Serlous 0
figure (strain) frequency System (ppm) (ppm) (ppm) Reference 8
7 Human 5d Resp 150 M Stewart et al. %
7.5hr/d 1981 o
Cardio 150 M i
Hemato 150 M
Hepatic 150 M
Renai 150 M
n
8 Rat 2 wk Bd Wt 875 1750 M (body weight 28% lower NTP 1986 E
(Fischer- 344) 5d/wk than controls) L
T
6hr/d m
m
uul
S
®
9 Rat 14d Hepatic 400 (hypertrophy) Odum et al.
(Fischer- 344) 6hr/d 1988
Renal 400
10 Mouse 5d Resp 300 M (epithelial degeneration Aoki et al. 1994
(ddY) 6hr/d of olfactory mucosa, '
dilation of Bowman's
glands, atrophy of
olfactory nerves)
[ l}
11 Mouse 4 hr Hepatic 200 F (fatty degeneration) Kylin et al. 1963

(NS)

9l



TABLE 2-1. Levels of Significant Exposure to Tetrachloroethylene - Inhalation (continued)

a Exposure/ LOAEL
Keyto  Species/  duration/ NOAEL Less serious Serious
figure (strain) frequency System (ppm) (ppm) (ppm) Reference
12 Mouse 2wk Hepatic 425 875  (hepatic vacuolization) NTP 1986
(B6C3F1) 5d/wk
6hr/d Bd Wt 1750
13 Mouse 14d Hepatic 400 (peroxisomal Odum et al.
(B6C3F1) 6hr/d proliferation; fatty 1988
changes)
Renal 400
14 Dog 10 min Resp 5000 10000 (upper respiratory tract Reinhardt et al.
(Beagle) irritation) 1973
Cardio 10000
Neurological
15 Human 4d 10M 50 M (increased latency of Altmann et al.
4hr/d pattern reversal 1990
visual-evoked potentials)
16 Human 4d 10° 50 M (increased latency of Altmann et al.
4hr/d pattern reversal 1992

visual-evoked potential,
significant performance
deficits for vigilance and
eye-hand coordination)

S103443 H1IvaH 2
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TABLE 2-1. Levels of Significant Exposure to Tetrachloroethylene - - Inhalation (continued)

a Exposure/ LOAEL
Keyto  Species/  dyration/ NOAEL Less serious Serious
figure  (strain) frequency System (ppm) (ppm) (ppm) Reference
17 Human <3 hr 500 1000 (mood/personality 2000 (anesthesia) Carpenter 1937
changes)
18  Human 5d 20 100 (cerebral cortical Hake and
7.5hr/d depression) Stewart 1977;
Stewart et al.
1981
19 Human 3 hr 87 Ogata et al.
1971
20 Human 0.05-2 hr 106 216  (dizziness/sleepiness) 280  (incoordination) Rowe et al.
1952
21 Human 5d 101 (mood/personality Stewart et al.
7h/d changes) 1970
22 Rat 2wk 875 1750  (hypoactivity; ataxia) NTP 1986

(Fischer- 344) 5d/wk

6hr/d

$103443 H1IV3aH ¢

INITAHLIOHOTHOVHLIL
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TABLE 2-1. Levels of Significant Exposure to Tetrachloroethylene - Inhalation (continued)

a . Exposure/ LOAEL
Keyto  Species/  duration/ NOAEL Less serious Serious
figure  (strain) frequency System (ppm) (ppm) {ppm) Reference
23 Rat 4d 200 (increased open-field Savolainen et
(Sprague- 6hr/d behavior, i.e., al. 1977
Dawley) ambulation)
24 Mouse 2 wk 875 1750 (anesthesia) NTP 1986
(B6C3F1)  5diwk
6hr/d
25 Mouse 4 hr 2328  (anesthesia) NTP 1986
(B6C3F1)
Developmental
26 Rat Gd 14-20 100 900 (transient decreased Nelson et al.
(Sprague- 7hr/d performance ascent test; 1980
Dawley) decreased brain
acetylcholinesterase;
increased open-field
activity)
27 Rat Gd 6-15 300 (increased fetal resorptions) Schwetz et al.
(Sprague- 7hr/d 1975
Dawley)

S103443 HIOVaH ¢
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TABLE 2-1. Levels of Significant Exposure to Tetrachloroethylene - Inhalation (continued)

a Exposure/ LOAEL
Keyto  Species/  duration/ NOAEL Less serious Serious
figure (strain) frequency System (ppm) (ppm) (Ppm) Reference
28 Mouse Gd 6-15 300 (decreased fetal weight; Schwetz et al.
(Swiss- 7hr/d delayed ossification) 1975
Webster)
INTERMEDIATE EXPOSURE
Death
29 Rat 13 wk 1600  (11/20 rats died) NTP 1986
(Fischer- 344) 5d/wk
6hr/d
30 Mouse 13 wk 1600  (6/10 mice died) NTP 1986
(B6C3F1)  5d/wk
6hr/d
Systemic
31 Rat 7 mo Hepatic 70 230 (decreased glycogen) Carpenter 1937
(NS) 5d/wk
8hr/d Renal 230 470  (mild nephropathy)
32 Rat 28d Renal 400 Green et al.
(Fischer- 344) 6hr/d 1990

S103443 HITV3H 2
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TABLE 2-1. Levels of Significant Exposure to Tetrachloroethylene - Inhalation (continued)

a Exposure/ LOAEL
Keyto  Species/  gyration/ NOAEL Less serious Serious
figure (strain) frequency System (ppm) (ppm) (ppm) Reference
33 Rat 90d Hepatic 320 M (increased liver weights) Kyrklund et al.
(Sprague- 1990
Dawley)
34 Rat 13 wk Resp 800 1600 (lung congestion) NTP 1986
(Fischer- 344) 5d/wk
6hr/d Hepatic 200 400  (liver congestion)
Bd Wt 800 1600 M (body weight 20% lower
than controls)
35 Rat 28d Hepatic 200  (hypertrophy) Odum et al.
(Fischer- 344) 6hy/d 1988
Renal 400
36 Rat 21d Hepatic 400 (hypertrophy) Odum et al.
(Fischer- 344) 6hr/d 1988
Renal 400

INTTAHLIOHOTHOVHLAL
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TABLE 2-1. Levels of Significant Exposure to Tetrachloroethylene - Inhalation (continued)

a Exposure/ LOAEL
Keyto  Species/  duration/ NOAEL Less serious Serlous
figure  (strain)  frequency  System  (ppm) (ppm) (ppm) Reference
37 Rat 19wk: Hepatic 1000 Tinston 1995
(Alpk:APISD) 11 wk,
5d/wk Renal 300 1000 M (minimal chronic
6hr/d; daily progressive
during glomerulonephropathy;
mating/ increased pleomorphism
lactation within proximal tubular
nuclei)
Bd Wt 1000
38 Mouse 284d Renal 400 Green et al.
(B6C3F1) 6hr/d 1990
39 Mouse 30d Hepatic 9 (liver enlargement and Kjellstrand et
(NMR1) 24hr/d vacuolization of al. 1984
hepatocytes)
Bd wt 150
40 Mouse 8 wk Hepatic 200 F (fatty degeneration) Kylin et al. 1965
(NS) 6d/wk
4hr/d Renal 200 F
Bd Wt 200 F

S103443 H1TVaH "¢
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TABLE 2-1. Levels of Significant Exposure to Tetrachloroethylene - inhalation (continued)

a Exposure/ LOAEL
Keyto  Species/  duration/ NOAEL Less serious Serious
figure (strain) frequency System (ppm) (ppm) {ppm) Reference
41 Mouse 13 wk Hepatic 200 400 (centrilobular liver necrosis) NTP 1986
(B6C3F1) 5d/wk .
6hr/d Renal 100 200 (karyomegaly of renal
tubular epithelial cells)
Bd Wt 1600
42 Mouse 28d Hepatic 200 (peroxisomal Odum et al.
(B6C3F1) 6hr/d proliferation; fatty 1988
changes)
Renal 400
43 Mouse 21d Hepatic 400 (peroxisomal Odum et al.
(B6C3F1) 6hr/d proliferation; fatty 1988
changes)
Renal 400
Neurological
44 Rat 300r90d 320 M (changes in the fatty Kyrklund et al.
(Sprague- acid composition of the 1988, 1990
Dawley) brain)

S103443 HLTv3H ¢
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TABLE 2-1. Levels of Significant Exposure to Tetrachloroethylene - Inhalation (continued)

a . Exposure/ LOAEL
Keyto  Species/  duration/ NOAEL Less serious Serious
figure  (strain) frequency System (ppm) (ppm) (ppm) Reference
45 Rat 19wk: 300 1000 (decreased activity, Tinston 1995
(Alpk:APISD) 11 wk, reduced response to
5d/wk sound, increased
6hr/d; daily salivation, piloerection)
during
mating/
lactation
46 Rat 4 or12 wk 300 M 600 M (decreased brain weight; Wang et al.
(Sprague- decrease in cytoskeletal 1993
Dawley) proteins)
47  Gerbil 90d 60 (decreased DNA levels in Karlsson et al.
(Mongolian)  24hr/d frontal cortex) 1987
48 Gerbil 3 mo 60 (decreased DNA content Rosengren et
(Mongolian)  24hr/d in the frontal cerebral al. 1986

cortex)

S103443 HITvaH 2

INITAHLIOHOTHOVHLZ L

ve



TABLE 2-1. Levels of Significant Exposure to Tetrachloroethylene - Inhalation (continued)

a ) Exposure/ LOAEL
Keyto  Species/  duration/ NOAEL Less serious Serious
figure  (strain) frequency System (ppm) (ppm) (ppm) Reference
Reproductive
49 Rat 19wk: 300 1000  (significant reduction in the Tinston 1995
(Alpk:APfSD) 11 wk, number of live born pups;
5d/wk : decreased pup survival
6hr/d; daily during lactation)
during
mating/
lactation
CHRONIC EXPOSURE
Death
50 Rat 103 wk 400 M (reduced survival) Mennear et al.
(Fischer- 344) 5d/wk 1986; NTP
6hr/d 1986
51 Mouse 103 wk 100 M (reduced survival) Mennear et al.
(B6C3F1)  Sdiwk 1986; NTP
6hr/d 1986
Systemic
52 Human 20yr Hepatic 15.8 (diffuse parenchymalt Brodkin et al.
average changes revealed by 1995

ultrasound})

$103443 HITVaH 2
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TABLE 2-1. Levels of Significant Exposure to Tetrachloroethylene - Inhalation (continued)

a . Exposure/ LOAEL
Keyto  Species/  duration/ NOAEL Less serious Serlous
figure (strain) frequency System (ppm) {(ppm) (ppm) Reference

53 Human 1-120 mo Hemato 20 Cai et al. 1991
occupa- Hepatic 20
tional

Renal 20

54  Human 14 yr Renal 10 (increased urine Franchini et al.
occupa- B-glucuronidase and 1983
tional lysozyme)

55 Human 6yr Hepatic 21 Lauwerys et al.
occupa- 1983
tional Renal 21

56 Human 10 yr Renal 15 (nephrotoxicity) Mutti et al. 1992
average
occupa-
tional

57 Human 12 yr Renal 14 Solet and
average Robins 1991
occupa-
tional

S103443 H1IVAH 2
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TABLE 2-1. Levels of Significant Exposure to Tetrachloroethylene - Inhalation (continued)

a . Exposure/ LOAEL
Keyto  Species/  duration/ NOAEL Less serlous Serlous
figure (strain) frequency System (ppm) (ppm) (ppm) Reference
58 Human 9yr Renal 23F (increased urinary Vyskocil et al.
occupa- lysozyme activity) 1990
tional
58 Rat 103 wk Resp 200 (thrombosis; squamous Mennear et al.
(Fischer- 344) 5d/wk metaplasia of nasal 1986; NTP
6hr/d cavity) 1986
Gastro 200 400 M (forestomach ulcers)
Renal 200 (renal tubular
karyomegaly)
Endocr 200 M (adrenal medullary
hyperplasia)
Bd Wt 400
60 Mouse 103 wk Resp 100  (acute passive Mennear et al.
(B6C3F1) 5diwk congestion of the lungs) 1986; NTP
6hr/d 1986
Hepatic 100 (hepatocellular
degeneration)
Renal 100 (nephrosis)

! Bd wt 200

S103443 HIV3H ¢
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TABLE 2-1. Levels of Significant Exposure to Tetrachloroethylene - Inhalation (continued)

a Exposure/ LOAEL
Keyto  Species/  duration/ NOAEL Less serious Serious
figure  (strain) frequency System (ppm) (ppm) (ppm) Reference
Neurological
61 Human 1-30 yr 0.2 Altmann et al.
1995
62 Human 1-120 mo 20 (increase in subjective Cai et al. 1991
occupa- symptoms including
tional dizziness)
63 Human 106 mo 7.3 (color vision loss) Cavalleri et al.
average 1994
64 Human 10 yr 15¢ F (increased reaction times) Ferroni et al.
occupa- 1992
tional
65 Human 6yr 21 Lauwerys et al.
occupa- 1983
tional
66 Human occup- 153 M Nakatsuka et
ational al. 1992

S103443 H1TV3IH 2
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TABLE 2-1. Levels of Significant Exposure to Tetrachloroethylene - Inhalation (continued)

a Exposure/ LOAEL
Keyto  Species/  duration/ NOAEL Less serlous Serlous
figure  (strain) frequency System (ppm) (ppm) (ppm) Reference
67 Gerbil 12 mo 120 M (phospholipid changes in Kyrklund et al.
(Mongolian)  24hr/d the cerebral cortex and 1984
hippocampus)
Cancer
68 Rat 103 wk 200 (CEL: mononuclear cell Mennear et al.
(Fischer- 344) 5d/wk leukemia) 1986; NTP
6hr/d 1986
69 Mouse 103 wk 100  (CEL: hepatocellular Mennear et al.
(B6C3F1) 5d/wk carcinoma) 1986; NTP
6hr/d 1986

*The numbers correspond to entries in Figure 2-1.

*The acute-duration inhalation minimal risk level (MRL) of 0.2 ppm was calculated from this concentration by expanding to continuous exposure (4/24 hours) and dividing by an
uncertainty factor of 10 (for human variablility).

“The chronic-duration inhalation MRL of 0.04 ppm was calculated from this concentration by expanding to continuous exposure (8/24 hours, 5/7 days) and dividing

by an uncertainty factor of 100 (10 for use of a LOAEL and 10 for human variability).

Bd Wt = body weight; Cardio = cardiovascular; CEL = cancer effect level; d = day(s); DNA = deoxyribonucleic acid; Endocr = endocrine; F = female; Gastro = gastrointestinal;
Gd = gestation day; Hemato = hematological; hr = hour(s); LCy= lethal concentration, 50% kill; LOAEL = lowest-observed-adverse-effect level; M = male;
min = minute(s); mo = month(s); NOAEL = no-observed-adverse-effect level; NS = not specified; Resp = respiratory; wk = week(s); yr = yr(s)

INITAHLIOHOTHOVYHITL
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Figure 2-1. Levels of Significant Exposure to Tetrachloroethylene - Inhalation
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Figure 2-1. Levels of Significant Exposure to Tetrachloroethylene - Inhalation (continued)
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Figure 2-1. Levels of Significant Exposure to Tetrachloroethylene - Inhalation (continued)
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Respiratory Effects. Intense irritation of the upper respiratory tract was reported in volunteers
exposed to high concentrations (>1,000 ppm) of tetrachloroethylene (Carpenter 1937; Rowe et al.
1952). These older acute inhalation studies in humans were limited by a small number of
experimental volunteer subjects, incomplete characterization of subjects, variable concentrations of
tetrachloroethylene, and reliance on symptomatology, which are subjective data. Despite these
limitations, some of the end points identified at high concentrations provide important toxicological
data on tetrachloroethylene effects in humans. Respiratory irritation (irritation of the nasal passages)
was reported in workers exposed to tetrachloroethylene vapors at levels of 232-385 ppm in a
degreasing operation (Coler and Rossmiller 1953) and in volunteers exposed to concentrations as low
as 216 ppm for 45 minutes to 2 hours (Rowe et al. 1952). Volunteers exposed to concentrations as
high as 1,060 ppm could tolerate no more than 1-2 minutes of exposure before leaving the chamber
(Rowe et al. 1952). Pulmonary edema occurred in a case of accidental exposure although this lesion

may have been a secondary finding (Patel et al. 1973).

An experimental human exposure study titled 7etrachloroethylene: Development of a biologic

standard for the industrial worker by breath analysis, completed by Stewart and colleagues, was first
published by NIOSH in 1974. This publication can now be obtained from the National Technical
Information Service (NTIS) with a 1981 date, and is cited as Stewart et al. (1981) throughout this

Profile. In this study, four male volunteers were sequentially exposed to 0, 20, 100, or 150 ppm
tetrachloroethylene vapor for 7.5 hours/day, 5 days/week (Stewart et al. 1981). The men were exposed

to each concentration for 1 week. Once each week, pulmonary function was assessed at both rest and
during two levels of exercise with forced maximum expiratory flow measurements, while alveolarcapillary
gas exchange was measured by single breath carbon monoxide diffusion. The exposures to
tetrachloroethylene at these vapor concentrations and time intervals had no effect on the pulmonary

function measurements.

A 10-minute exposure of dogs to tetrachloroethylene at 10,000 ppm resulted in upper respiratory
irritation (Reinhardt et al. 1973). This effect was not observed at 5,000 ppm. In a study designed to
examine the effects of tetrachloroethylene on the respiratory mucosa, epithelial degeneration was
observed in mice exposed to tetrachloroethylene at 300 ppm for 6 hours/day for 5 days (Aoki et al.
1994). The degeneration was more severe in the olfactory mucosa compared to other sites in the

respiratory mucosa. Dilation of Bowman’s glands and atrophy of olfactory nerves were also observed.
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In a study in mice evaluating susceptibility to infection from inhaled Streptococcus zooepidemicus and
pulmonary bacteriocidal activity to inhaled K/ebsiella pneumoniae, exposure to 50 ppm
tetrachloroethylene for 3 hours increased susceptibility to both bacteria. The primary adverse effect of
tetrachloroethylene was hypothesized to be on alveolar macrophage activity, although other pulmonary
and extrapulmonary defense mechanisms may also have been involved (Aranyi et al. 1986). However,
because of variability in control group mortality and the lack of evaluation of specific immunological

end points, the relevance of the findings is unclear.

Congestion of the lungs was reported in rats exposed intermittently to tetrachloroethylene at

1,600 ppm, but not 800 ppm, for 13 weeks (NTP 1986). Thrombosis and squamous metaplasia were
observed in the nasal cavity of rats exposed intermittently at >200 ppm for 103 weeks (Mennear et al.
1986; NTP 1986). In mice exposed intermittently to tetrachloroethylene at >100 ppm for 103 weeks,

acute passive congestion of the lungs was observed (Mennear et al. 1986; NTP 1986).

Cardiovascular Effects. No effects on heart rate or blood pressure were noted in four men

exposed to tetrachloroethylene at 87 ppm for 3 hours (Ogata et al. 1971). Ten adult male volunteers
and 10 adult female volunteers were exposed to 0, 20, 100, or 150 ppm tetrachloroethylene vapor for
1 hour, 3 hours, or 7.5 hours, 5 days/week for 1 week at each concentration (Stewart et al. 1981).
During the exposure periods, blood pressure and pulse rate were measured every hour, while
electrocardiograms were monitored continuously via telemetry. There was no deviation from the
baseline measurements which were obtained preexposure or for the postexposure follow-up period
(Stewart et al. 1981). These observations confirmed those of a separate study of six males and six
females in which no effects on the electrical activity of the heart were observed following random
exposure at 0, 25, and 100 ppm tetrachloroethylene vapor for 5.5 hours, 5 days/week (Stewart et al.
1977). The total study lasted 11 weeks, although the exposure concentrations varied daily throughout
the study. A case report describes a 24-year-old man who experienced cardiac arrhythmia (frequent
premature ventricular beats). The patient had been employed for 7 months in a dry cleaning facility
where he used tetrachloroethylene (Abedin et al. 1980). Plasma tetrachloroethylene was-measured at
0.15 ppm on his 5th day of hospitalization. The patient was discharged the next day but returned in

2 weeks for outpatient evaluation with a recurrence of skipping of heartbeats, headache, and dizziness.
At that time, plasma tetrachloroethylene was measured at 3.8 ppm. Since the biological exposure

index associated with an 8-hour exposure of 25 ppm is 0.5 mg/L tetrachloroethylene in blood (ACGIH
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1995), this subject was exposed to relatively high concentrations. The patient was reported to be

asymptomatic 1 month after finding different employment.

Epinephrine-induced cardiac arrhythmia was not induced in beagle dogs exposed by face mask to
5,000 or 10,000 ppm tetrachloroethylene (Reinhardt et al. 1973). This study was complicated by the
dogs’ struggling, which could represent irritant effects of these high tetrachloroethylene concentrations

on the upper respiratory tract.

Gastrointestinal Effects. No studies were located regarding gastrointestinal effects in humans after
inhalation exposure to tetrachloroethylene. Forestomach ulcers were observed in male rats exposed
intermittently to tetrachloroethylene at 400 ppm for 103 weeks (NTP 1986). Ulcers were not observed
at 200 ppm.

Hematological Effects. Ten adult male volunteers and 10 adult female volunteers were exposed to

0, 20, 100, or 150 ppm tetrachloroethylene vapor for 1 hour, 3 hours, or 7.5 hours, 5 days/week for

1 week at each vapor concentration (Stewart et al. 1981). A complete blood count was obtained once

a week and compared to the preexposure and postexposure values. No deviation from baseline was
observed. Six males and six females were randomly exposed to 0, 25, or 100 ppm tetrachloroethylene
vapor for 5.5 hours, 5 days a week, over an 11-week period (Stewart et al. 1977). A complete blood
count was obtained once a week and compared to the preexposure and postexposure values; no
deviations from baseline were observed. Relative to unexposed controls, changes in hemoglobin levels
and white blood cell counts were not observed in workers exposed to tetrachloroethylene at a

geometric mean time-weighted average (TWA) concentration of 20 ppm (Cai et al. 1991).

A decrease in erythrocyte d-aminolevulinate dehydratase activity was observed in rats exposed to 200
but not 50 ppm tetrachloroethylene for 4 weeks (Soni et al. 1990). It is not clear if exposure was
intermittent or continuous. Rats exposed to 230 or 470 ppm tetrachloroethylene for up to 160 days

had splenic congestion and increased hemosiderin deposits (Carpenter 1937). Study limitations include
the use of sick animals (parasites, pneumonia), nonstandard study protocols, rats of undefined strain,
and inadequate controls. A transient increase in reticulocytes was observed in mice exposed to
tetrachloroethylene at 135 and 270 ppm during the first few weeks of an 11.5-week study (Seidel et al.

1992). Microscopic examination of bone marrow revealed no effect on pluripotent stem cells and only

35
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a small reduction in erythroid committed cells. Because of a lack of statistical analysis, NOAELs and

LOAELSs were not clearly identified in the Seidell et al. (1992) study.

Musculoskeletal Effects. No studies were located regarding musculoskeletal effects in humans

after inhalation exposure to tetrachloroethylene. Histological changes were not observed in the limb
muscles of rats exposed to tetrachloroethyliene at 50, 200, or 800 ppm 6 hours/day, 5 days/week, for
13 weeks (Mattsson et al. 1992).

Hepatic Effects. The liver is a target organ in humans accidentally exposed to high concentrations

of tetrachloroethylene. Hepatocellular damage was documented by biopsy in a case study of a woman
exposed occupationally to tetrachloroethylene fumes for 2.5 months (Meckler and Phelps 1966). Liver
damage also has been diagnosed by the presence of hepatomegaly, icterus, and elevations of serum
glutamic oxaloacetic transaminase (SGOT), bilirubin, and urinary urobilinogen (Coler and Rossmiller
1953; Hake and Stewart 1977; Saland 1967; Stewart et al. 1961a). These effects were generally
observed several days after an acute exposure resulting in nervous system effects. There was one case
report of diffuse fatty liver in a dry cleaner who died shortly after being exposed to tetrachloroethylene
fumes (Levine et al. 1981). Because of the brief interval between exposure and death, this liver lesion

may have been preexistent.

Ten adult male volunteers and 10 adult female volunteers were sequentially exposed to 0, 20, 100, or
150 ppm tetrachloroethylen